Objective: To evaluate the 137-item Utah Picture-sort Food-frequency Questionnaire (FFQ) in the measurement of usual dietary intake in older adults. Design: The picture-sort FFQ was administered at baseline and again one year later. Three seasonal 24-hour dietary recall interviews were collected during the year between the two FFQs. Mean nutrient intakes were compared between methods and between administrations of the FFQ. Setting: The FFQ interviews were administered in respondents' homes or carecentres. The 24-hour diet recalls were conducted by telephone interview on random days of the week. Subjects: Two-hundred-and-eight men and women aged 55±84 years were recruited by random sample of controls from a case±control study of nutrition and bone health in Utah. Results: After adjustment for total energy intake, median Spearman rank correlation coefficients between the two picture-sort FFQs were 0.69 for men aged #69 years, 0.66 for men aged .69 years; and 0.68 for women aged #69 years, 0.67 for women aged .69 years. Median correlation coefficients between methods were 0.50 for men #69 years old, 0.52 for men .69 years old; 0.55 for women #69 years old, 0.46 for women .69 years old. Conclusions: We report intake correlations between methods and administrations comparable to those reported in the literature for traditional paper-and-pencil FFQs and one other picture-sort method of FFQ. This dietary assessment method may improve ease and accuracy of response in this and other populations with low literacy levels, poor memory skill, impaired hearing, or poor vision.
Food-frequency questionnaires (FFQs) are commonly used in epidemiological research on diet and disease to rank individuals according to usual nutrient intake 1 . Customarily, using a paper and pencil, FFQ respondents are asked to report frequency of consumption for a list of foods 2 . However, low literacy levels along with common cognitive and physical limitations, such as poor memory and impaired vision and hearing, are often encountered when studying elderly populations and may limit the use of traditional FFQs in this population 3 . Kumanyika et al. 4 developed a picture-sort method of administering a foodfrequency questionnaire that may help to improve accuracy of response in elderly populations by easing respondent burden. We constructed a picture-sort FFQ, based on the method developed by Kumanyika et al., for use in the Utah Study of Nutrition and Bone Health (USNBH), a large state-wide case±control study of the determinants of hip fracture in elderly Utah residents.
The aim of the present study was to evaluate the 137-item Utah Picture-sort Food-frequency Questionnaire in the measurement of usual dietary intake in older adults. We tested the relative validity of the Utah Picture-sort FFQ by comparing nutrient intakes reported from the FFQ with a measure of usual dietary intake. Although dietary recalls and FFQs, both self-report methods, are likely to have some degree of correlated error, we used the average of three 24-hour dietary recall interviews, collected by telephone interview using a multiple-pass format, as a measure of usual dietary intake. This method seemed like a reasonable option to the more widely used but burdensome dietary records, especially when considering the elderly population of interest, in which we may encounter poor literacy skills or low motivation. To test the reproducibility of the method we compared reported nutrient intakes from two administrations of the picture-sort FFQ taken one year apart.
Although the FFQ has been widely used in diverse populations of middle-aged adults, its use in the elderly, especially in respondents over the age of 70 years, is relatively unexplored 5±7 . We examined differences in reports of nutrient intakes using the picture-sort FFQ between younger and older elderly participants by comparing agreement between nutrient estimates made from the test and reference method by gender and age strata (men and women #69 years of age, men and women .69 years of age).
Materials and methods

Subjects and design
The Utah Picture-sort FFQ was developed for use in the USNBH study, which includes Utah residents with and without hip fractures aged 50 to 89 years. Participants in the dietary assessment study were selected by random sample from controls of the USNBH study and were invited to participate in the dietary study after completion of the USNBH baseline interview.
Respondents completed two picture-sort FFQ interviews and three 24-hour dietary recall interviews over the course of approximately one year. Respondents began the study by completing their first FFQ between March 1998 and March 1999 (Fig. 1) at the time of their baseline interview for the USNBH. The three 24-hour dietary recall interviews were collected during the year between the first administration of the FFQ and the second administration of the FFQ. During the FFQ interview, the respondent was asked to report their frequency of consumption of selected foods during the previous year. Because of this reference time, the second FFQ was expected to give a measure of usual dietary intake in the same period of time the three 24-hour recalls were collected.
The picture-sort FFQs were administered in the home of each respondent by a trained interviewer; the interview lasted approximately 35 minutes. Trained interviewers also administered the multiple-pass 24-hour dietary recall interviews by telephone. The telephone 24-hour recall interviews lasted approximately 25 minutes each.
Picture-sort food-frequency questionnaire The Utah Picture-sort FFQ food list includes 138 food cards containing one or more food items that were systematically selected from the 126-item Nurses' Health Study (NHS) FFQ 8 , the National Cancer Institute (NCI) FFQ 9 , and a list of commonly eaten foods as identified in focus groups. A modified version of the 126-item NHS FFQ used in the Iowa Women's Health Study was administered to approximately 4500 persons in Cache Valley of Northern Utah. Food items that contributed less than 1.0% to total mean intake and had an R 2 factor of less than 0.01 for each of 25 key nutrients, indicating that a food item explained less than 1% of the variation in intake of 25 key nutrients, were dropped from the subsequent list. This list was then merged with the NCI FFQ food list and a list of commonly eaten foods as identified from focus groups. The final food list includes nearly all items from the NCI list and the NHS list, but in slightly different categories that may be more inclusive or more specific than those of other dietary assessment tools.
The picture-sort FFQ method, first developed by Kumanyika et al. for use in the Cardiovascular Health Study 4, 10 , is an adaptation of a written FFQ that engages respondents by having them sort colour picture cards into trays representing frequency of use. The Utah Picture-sort FFQ cards developed at Utah State University were laminated 4 inch by 6 inch cards with colour photographs of one or more food items. For ease in respondent sorting, the cards were separated into seven categories: (1) beverages, (2) fruit, (3) vegetables, (4) dairy products, (5) meats, fish, egg and main dishes, (6) cereals and breads, and (7) snacks, and oils and other foods. In most cases the picture card depicted a standard size portion of the food or foods placed on a 10 inch dinner plate, in a 6 inch cereal bowl, or in a 12 ounce glass. Standard portion sizes were also listed on the reverse side of the card in common household measures (1 cup, 1 medium piece, etc.) for interviewer reference.
Following the picture-sort method as described by Kumanyika et al., each respondent was given categories of picture cards one at a time and asked to sort them into five trays according to period of use (i.e. daily, weekly, monthly, yearly or rarely/never) over the past year. After all categories of picture cards were sorted, respondents were asked about specific frequency of use for food items placed in the trays starting with the daily tray and proceeding to the rarely/never tray.
We did not ascertain information about vitamin and mineral supplement intake as part of the picture-sort FFQ method. The Utah Picture-sort FFQ was designed to ascertain information about the frequency of consumption of a list of foods only. In practice, the picture-sort should be combined with additional questions about the use of nutritional supplements, food preparation, and other additional questions that may be pertinent to the research aims.
24-hour recalls
The three 24-hour dietary recall interviews were administered approximately three months apart during the year between the two FFQ interviews to capture seasonal differences in intake. All 24-hour recalls were administered on random days of the week and included at least one weekend day (Saturday or Sunday). A two-dimensional representation of the National Health and Nutrition Examination Survey three-dimensional food models 11 was mailed to respondents before their first interview. Participants were instructed to keep the guide near their telephone for use in the interviews. Telephone interviewers used an adaptation to the multiple-pass dietary recall collection method originally developed by the US Department of Agriculture (USDA)±Human Nutrition Information Service (HNIS) 12 to obtain information about a respondent's food intake during the preceding day. Interviewers were trained to probe for detailed and accurate information on food preparation, food type and portion size for each food reported during the recall interview.
Dietary 
Statistical analysis
Means and standard deviations for energy and nutrient intake from food and beverages, excluding nutrition supplements, estimated by each of the two picture-sort FFQs and by the average of the three 24-hour dietary recalls, were calculated. Nutrient intakes were adjusted for total energy intake using the residual method of Willett and Stampfer
13
. Agreement between administrations of the FFQ and between methods was assessed by calculating Spearman rank and Pearson product±moment correlation coefficients between the two picture-sort FFQs for both crude and energy-adjusted nutrient intakes. We report Spearman rank correlation coefficients as they correlate rank order of estimated nutrient intakes between methods and between administrations without assuming a Gaussian distribution for the nutrient intake in the population. Means, standard deviations, and ratio of means for total energy and nutrient intakes estimated by each of the FFQs and the average of the three-recalls were also calculated. Means were compared by paired t-tests.
In evaluating the agreement between methods, the second FFQ was compared with the average of the three recalls. We used the second FFQ to calculate correlations because this gave a measure of intake from the same period of time the three 24-hour recall interviews were obtained.
To assess variability in daily intake, intraclass correlation coefficients for nutrient estimates were calculated from the three 24-hour dietary recall interviews 2, 14 . A twoway random effects analysis of variance model was fit to the data and the intraclass correlation coefficient was calculated as the ratio of between-subject variance to total variance.
All data were analysed separately by gender and by the four age±gender strata in Table 1 . Analyses were performed using SPSS for Windows (Version 10, SPSS Inc., Chicago, IL).
Results
Of those respondents who agreed to participate in the dietary assessment study, 217 (75% of both men and women) completed all dietary interviews. Reasons for dropping out of the dietary assessment study included refusal, death, severe illness, or interviewer inability to locate respondents. Because participants were selected from a random sample of controls who had previously completed an interview for the USNBH, they may represent a population of people more willing to participate in health-related studies than the general ageing population of Utah.
A registered dietitian (H.W.) reviewed the FFQs and 24-hour diet recalls of poor quality, as identified by comments made by the interviewer at the time of interview. Nine participants (seven men, two women) with implausible reported usual energy intake (,500 or .3500 kcal) by either of the two FFQs or by the average of the 24-hour recalls were excluded from analyses. Characteristics of the remaining 208 participants (103 men, 105 women) are reported in Table 1 .
Study participants were grouped according to age and gender. The mean age of study participants was 69 years. Participants who were 69 years old or younger at the baseline interview were labelled as younger elderly men or women, and those greater than 69 years old at the baseline interview were labelled as older elderly men or women.
Most (.90%) participants in all age±gender groups were white, not of Hispanic origin, and a high percentage of respondents (.78%) in all age±gender categories had at least a high school education. Body mass index (BMI, kg m 22 ) based on self-reported heights and weights were similar for both men and women, and older participants had lower BMI than younger respondents. Fewer women than men, and fewer older participants than younger participants, reported ever regularly or currently smoking cigarettes, or ever regularly or currently drinking alcohol. A greater percentage of women than men, and of older women than younger women, reported currently taking multivitamin mineral supplements or herbal preparations (Table 1) .
We compared mean energy and nutrient intakes from food and beverages for macronutrients and selected micronutrients from the second FFQ and the average of three 24-hour dietary recalls by age±gender strata (Table 2) . Mean nutrient intake estimates from our 137-item picture-sort FFQ were generally higher than nutrient intake estimates from traditional and picturesort FFQs in other elderly populations 10, 15, 16 . However, in the studies referred to above, the food lists were shorter which may have an influence on the estimated intakes measured from the method. Mean intake estimates from the FFQ were consistently higher than mean intake estimates from the 24-hour dietary recalls; however, the degree of difference varied by age± gender strata. Several investigators have also reported greater mean intakes from FFQs as compared with reference methods 6, 17, 18 . Differences in mean intakes are reported as ratios of mean nutrient intake estimates from the FFQ to nutrient intake estimates from the 24-hour dietary recalls, and are included in Table 2 . The median ratio of mean reported intake was 1.26 in younger men, 1.25 in older men, 1.23 in younger women and 1.22 in older women.
Mean energy-adjusted nutrient intakes estimated from food and beverages from the first FFQ (administered at baseline) and the second FFQ (administered approximately one year later) were calculated. In general, lower mean energy-adjusted nutrient intakes were estimated by the second FFQ as compared with the first FFQ for all age±gender groups except younger men. Mean energyadjusted intake estimates for younger men, older men, and older women from the first FFQ and the second FFQ were not significantly different from each other for most nutrients. However, in younger women, mean energyadjusted intake estimates from the first FFQ and the second FFQ were considerably different for most nutrients, and 24 of 28 nutrients tested and 10 of 13 nutrients shown in Table 3 showed statistically significant differences with P , 0X05X Table 3 includes Spearman rank correlation coefficients of selected nutrient intakes estimated from the first FFQ and the second FFQ. Pearson product±moment correlations were also calculated, with similar results. Spearman rank correlation coefficients for energy-adjusted nutrients ranged from 0.26 to 0.96 for all age±gender groups. Younger men had higher correlations for nine of 13 nutrients when compared with older men, and younger women had higher correlations for seven of 13 nutrients. Median energyadjusted Spearman rank correlation coefficients for all nutrients by gender and age±gender groups were 0.69 for younger men (range 0.55±0.96), 0.67 for older men (range 0.50±0.95), 0.68 for younger women (range 0.26±0.88) and 0.67 for older women (range 0.44±0.87). Table 4 includes Spearman rank order correlations of selected nutrient intakes estimated from the second FFQ and the average of the three 24-hour dietary recall interviews for both crude and energy-adjusted nutrient intakes. Pearson product±moment correlations were also calculated, with similar results. * Adjusted for total energy intake using the method described by Willet and Stampfer 13 . Correlations above 0.27 are significantly greater than 0 at P # 0X05X Intraclass correlation coefficients of the three 24-hour dietary recall interviews were calculated (Table 4) . Intraclass correlation coefficients of the three 24-hour dietary recall interviews were similar for all age±gender groups and were somewhat lower than anticipated, indicating more variability in the three days of dietary recalls than might be expected. Ranges of intraclass correlations for all age±gender groups were 0.01±0.47 for macronutrients, fibre and cholesterol; 0.30±0.77 for caffeine, alcohol and water; 0.02±0.51 for micronutrients. Intraclass correlations were lowest for fibre in older men (0.01) and highest for caffeine in older women (0.77).
Adjusting nutrient intake by the regression method reported by Willett and Stampfer 13 , to obtain a measure of nutrient intake independent of total caloric intake, improved correlation coefficients for most nutrients in all age±gender groups. Energy-adjusted correlation coefficients ranged from 0.01 to 0.55 for macronutrients, fibre and cholesterol; 0.22 to 0.83 for caffeine, alcohol and water; and 0.15 to 0.70 for micronutrients. Younger men and older men had similar energy-adjusted correlations (median 0X50, range 0X30±0X71 for younger men; median0.52, range0.15±0.62 for older men). However, younger women had stronger energy-adjusted correlations than older women (median 0X55, range 0X32±0X83 in younger women; median 0X46, range 0X01±0X70 for older women). Lower energy-adjusted correlations, defined here as correlations less than 0.30, were identified in older men for vitamin A and alcohol, and in older women for protein, cholesterol, vitamin A and alcohol. No energy-adjusted correlation coefficients less than 0.30 were identified in either younger men or younger women.
Discussion
In this study, three 24-hour dietary recalls and two picture-sort FFQs were used to assess the ability of the FFQ to discriminate among individuals' usual dietary intake, with reproducible results from an elderly population in Utah. It is well understood that no known dietary assessment method gives a perfect measure of diet, however some methods are considered more accurate than others and can be used as a comparison to test methods in validation studies 2 . Here, the average of three 24-hour dietary recalls collected by telephone approximately three months apart over one year's time were used to represent estimated usual intake. We choose the 24-hour dietary recall method for comparison because of its low cost, ease of administration by telephone, and relatively small respondent burden. Also, because an interviewer asks the questions and records each response, people with low literacy levels or problems with vision are not excluded. With these strengths in mind we expected that those agreeing to the validation study would be more representative of the total population than those who might agree to a more intense method of assessment, such as weighed food records or lengthy diet histories.
We recognise several weaknesses of the telephone 24-hour dietary recall method when used as a reference method for validation studies. First, a few days of recall may not reflect a person's true usual intake. Second, the accuracy of the interview relies heavily on the short-term memory of the respondent. Third, because it is also a selfreport method of dietary assessment as is the FFQ, the within-person error may be correlated to the withinperson error of the FFQ. Unidentified correlated error between methods may falsely elevate correlation coefficients and lead to the assumption of better agreement between the reference method and test method than is warranted 19 . By calculating intraclass correlation coefficients using the three 24-hour dietary recall interviews, we identified an unexpectedly high degree of variability in daily intake of some nutrients. The recall interviews were purposely spaced approximately three months apart to pick up seasonal variation in diet, so some measure of variability was anticipated; however, the degree of variability was greater than expected.
Some may argue that telephone interviews may not give acceptable results in this population because of common physical limitations such as hearing loss. However, after comparing telephone recalls of midday meals consumed by elderly people at congregate meal sites with data on actual intake for the meals, Dubois and Boivin 20 concluded that dietary recall collected by telephone is an acceptable way to obtain short-term dietary data from elderly subjects.
Mean intakes from the average of the three telephone 24-hour dietary recalls were similar to reported intakes of younger and older respondents, 66 to 100 years old, in a similar study comparing multiple 24-hour dietary recalls to picture-sort FFQs 10 . Mean intakes estimated from our 137-item picture-sort FFQ were higher than those reported by Kumanyika et al.
10
, who used a similar 99-item picture-sort FFQ method 15 . Adjusting nutrient intake to give a measure of intake independent of total caloric intake may aid in the comparison of correlation coefficients from our study with those of other studies that compare results from different dietary assessment methods. Inaccuracies in estimated absolute nutrient intake from FFQs may come from incomplete listing of possible foods, or errors in frequency and portion size estimation.
We calculated the ratio of mean nutrient intake reported from the second FFQ to the average mean nutrient intake reported from the 24-hour dietary recall interviews, to evaluate the agreement of mean estimated energy and nutrient intakes between dietary assessment methods. Although ratios of mean intake were large for some nutrients in some age±gender groups, the percentage of calories from carbohydrate, protein and fat were similar between methods for all age±gender groups and to those reported for elderly people in the 1987 Nation Health Interview Survey 15 . Reports of ratios between our reference method and picture-sort FFQ were similar to results found by Larkin et al.
18
, who used a 116-item FFQ that also included a sorting process. Nutrients with ratios furthest from unity in all age±gender groups were vitamin D and caffeine. This may be due to under-reporting in the 24-hour dietary recalls or over-reporting in the picturesort FFQ of single food items such as milk and coffee. Milk provided the majority of vitamin D intake in all age± gender groups (34% in men #69 years old, 45% in men .69 years old, 54% in women aged #69 years, 54% in women aged .69 years). Similarly, coffee provided the majority of caffeine intake in all age±gender groups (73% in men #69 years old, 65% in men .69 years old, 84% in women aged #69 years, 80% in women aged .69 years). The ratio of alcohol intake was significantly less than unity for both younger and older women (0.75 and 0.33, respectively), indicating that women may under-report alcohol intake using the picture-sort FFQ.
Reproducibility of the picture-sort FFQ, as evaluated by energy-adjusted Spearman rank correlation coefficients and the ratio of energy-adjusted mean nutrient estimates from repeat administrations of the FFQ, was relatively high for all age±gender groups. Spearman rank energyadjusted correlation coefficients for all nutrients across age±gender groups ranged from 0.26 to 0.96. With the exception of protein in younger women, these correlations are generally as strong as or stronger than correlations reported by other researchers assessing reproducibility of FFQs 6, 17, 21, 22 . Correlations evaluating the repeatability of FFQs, reported by researchers such as Willett et al.
6
, Munger et al.
21
, Lazarus et al.
22
, MaresPerlman et al. 23 and Klipstein-Grobusch et al. 17 , range from 0.41 to 0.99 for nutrients we assessed in our study.
Estimates of alcohol and caffeine intake had the strongest correlations between the first and second administrations of the picture-sort FFQ. This finding is consistent with results reported by Munger et al.
21
, Klipstein-Grobusch et al. 17 and Mares-Perlman et al.
23
, and may be due to low variability in the use of foods containing alcohol and caffeine.
We used Spearman rank correlation coefficients, and ratios of the mean of three 24-hour dietary recalls and the second picture-sort FFQ, to evaluate relative validity of the Utah Picture-sort FFQ. Energy adjustment improved correlations for most nutrients, with the exception of alcohol. In this population where 79% of women and 82% of men reported no alcohol intake from any dietary assessment interview, alcohol and total energy intake were poorly correlated (r 0X140 in men, r 0X098 in women) and energy adjustment of alcohol attenuates the correlation. Because of the lack of association between alcohol intake and total energy intake, it may be more appropriate to use unadjusted correlations when evaluating repeatability and validity of reported alcohol intake using the picture-sort FFQ.
After energy adjustment for all nutrients with the exception of alcohol, nutrient correlations ranged from 0.01 to 0.55 median 0X45 for macronutrients, fibre and cholesterol; 0.43 to 0.83 median 0X64 for alcohol, caffeine and water; and 0.15 to 0.70 median 0X50 for micronutrients across all age±gender groups. In general, with the exception of protein in older women, correlation coefficients from our study were within the range of correlation coefficients reported from other studies comparing typical paper-and-pencil FFQs with a reference dietary assessment method 6, 17, 21, 24 . Correlations evaluating the relative validity of paper-and-pencil FFQs, reported by researchers such as Willett et al. 6 , Munger et al.
21
, Grootenhuis et al.
24
, Mares-Perlman et al. 23 and Klipstein-Grobusch et al.
17
, range from 0.14 to 0.83 for nutrients we assessed in our study. Correlation coefficients reported by Kumanyika et al.
10
, who also compared a picture-sort FFQ with multiple dietary recalls in an elderly population, were in the range 0.22±0.61 for macronutrients, fibre and cholesterol; and 0.18±0.58 for micronutrients. Alcohol, caffeine and water were not studied. As compared with Kumanyika et al.'s study, we report somewhat lower correlations for macronutrients and higher correlations for micronutrients.
Although correlations from our study did include ranges with lower limits, these lower correlations were seen only in older men and women aged .69 years. This may suggest that respondents' ability to accurately report usual intake with our picture-sort FFQ and possibly with other dietary assessment methods, including 24-hour dietary recall, may decrease progressively with age.
Calculating correlation coefficients and other statistics by age±gender strata enabled us to assess differences by gender as well as differences between respondents aged #69 years and those aged .69 years within gender. Differences between age±gender groups were noted for statistics used to compare mean nutrient estimates and to assess reproducibility and validity. In general, it appears that younger respondents (#69 years) may report usual nutrient intake by using the picture-sort FFQ slightly more accurately than older respondents (.69 years). Because of known physical and cognitive limitations that occur naturally with increasing age, this is not surprising. Limitations imposed on respondents as they age may hinder their ability to accurately report nutrient intakes using any dietary assessment method. Although we report lower correlations between methods and administrations for respondents aged .69 years as compared with respondents aged #69 years, we believe these same differences may be identified in other elderly populations by using other dietary assessment methods. This difference in ability to accurately report nutrient intake may not be a function of the picture-sort FFQ method but rather a function of problems and limitations associated with increasing age. Further study should be conducted on the repeatability and validity of dietary assessment methods for elderly populations by extending the upper age groups to include those in their eighties and nineties, and then comparing performance between sub-groups of elderly men and women based on age.
Conclusion
Our data suggest that structuring the FFQ as a two-step process of sorting food picture cards into period of use and then reporting frequency of use per period gives a useful measure of usual dietary intake. Correlation coefficients comparing the Utah Picture-sort FFQ to a measure of usual dietary intake were comparable to correlation coefficients reported in other validation studies comparing traditional FFQs as well as other picture-sort FFQs to reference methods. Although we did not conduct formal process evaluations, we believe picture cards may allow better identification of foods in respondents with poor reading skills or impaired vision, and that the sorting process itself may improve cognitive orientation to the task of assigning accurate frequency of use to specific foods. Research on using cognitive interviewing to improve FFQs suggests that the manipulation of cards may positively influence the response process by providing visual, tactile and motor involvement 25 . In the future, it would be helpful to conduct formal tests of process and sensory evaluation between a picture-sort FFQ and a traditional paper-and-pencil FFQ. Results from such process and sensory evaluations may make it clearer whether the picture-sort FFQ offers a significant advantage over traditional FFQs in populations where poor vision or limited literacy and language skills are common.
